INTRODUCTION
The term non-resolving or slowly resolving pneumonia is not an uncommon clinical entity and has been used interchangeably to refer the persistence of radiographic abnormalities beyond the expected time limit. Inadequate knowledge regarding the expected clinical course and outcome of a community-acquired or nosocomial evaluation of non-resolving or slowly resolving pneumonia. Microbiological, cytological and histopathological tests of the specimens can be done for etiological diagnosis of underlying cause. Efficacy of CT-guided FNAC and FOB in the etiological diagnosis of non-resolving or slowly resolving pneumonia has been around 80% and 70-86%, respectively in some studies. In this study, we tried to establish the etiological diagnosis of non-resolving pneumonia or slowly resolving pneumonia and also to evaluate the efficacy of diagnostic procedures, especially FOB and CT-guided FNAC.
MATERIALS AND METHODS

Study design
This study was a prospective cross-sectional study, performed in the department of pulmonary medicine at a tertiary care teaching institution of eastern India, over a period of one year (January 2010 -December 2010).
Study population
Sixty consecutive cases of non-resolving or slowly resolving pneumonia of both genders, attending the department of pulmonary medicine during the study period, were selected by adhering to the inclusion and exclusion criteria.
Inclusion criteria
Non-resolving or slowly resolving pneumonia was defined in this study by the presence of persistence of clinical symptoms and signs (cough, sputum production, with or without fever more than 100°F), failure of resolution of the radiographic features by 50% in 2 weeks or completely in 4 weeks on serial chest X-ray (indicated in at least 2 consecutive chest X-rays) in spite of antibiotic therapy for a minimum period of 10 days, and sputum for acid fast bacilli (AFB) smear negative for 2 consecutive days.
Exclusion criteria
Known patients of lung cancer or sputum-positive pulmonary tuberculosis, patients having very poor general condition, very severe breathlessness, recent history of myocardial infarction, positive test result for human immunodeficiency virus (HIV) infection, and unwilling patients were excluded from our study.
Study protocol
Detailed demographic and clinical parameters including age, sex, smoking history, clinical symptoms with duration (cough, fever more than 100°F, sputum production, hemoptysis, chest pain, breathlessness) and clinical signs (pallor, cyanosis, clubbing, enlarged neck nodes, pulse, blood pressure, features of consolidation like crepitations, bronchial breath sound) were evaluated in all patients. Presences of any comorbidity, especially diabetes mellitus, were documented. Blood for complete hemogram, blood glucose, urea, creatinine, liver function test, chest X-rays (posteroanterior and lateral view), sputum culture for Mycobacterium tuberculosis in mycobacterial growth indicator tube (MGIT 960) and sputum for malignant cells were sent in all patients. All patients had undergone a contrast-enhanced CT scan of thorax for better anatomical delineation. Fiberoptic bronchoscopy (FOB) was planned next in all patients (4 patients did not give consent for FOB). Macroscopic appearance of bronchial tree during FOB (intraluminal growth, presence of secretions/pus, appearance of bronchial mucosa, etc.) was noted.
Bronchoalveolar lavage (BAL) fluid was sent for cell type, AFB smear and culture for Mycobacterium tuberculosis (MGIT-960), gram stain and culture, fungal stain and culture, and malignant cells in all patients. Bronchial brushing and biopsy were also done in all patients and were sent for AFB smear and cytopathology, and histopathology, respectively. Post-bronchoscopic sputum for AFB smear and malignant cells were also sent. Patients having peripheral lesions on chest radiograph, who did not give consent for FOB or where results of FOB were inconclusive, were further evaluated by CT-guided FNAC. Blood for rheumatoid factor, anti-nuclear antibody (hep-2 method), C-ANCA and p-ANCA, serum angiotensine converting enzyme (SACE) were done additionally in selected patients, wherever found relevant. After evaluation of all the relevant reports, determination of etiology of non-resolving or slowly resolving pneumonia was attempted. Finally, efficacy of FOB and CT-guided FNAC as a diagnostic method for etiological analysis of non-resolving or slowly resolving pneumonia was assessed. The study was approved by the institutional ethics committee.
Statistical analysis
Statistical analysis were performed using SPSS version 10.0 (SPSS Inc, Chicago, IL) software for MSWindows. Descriptive frequencies were expressed by mean + standard error of mean (SEM). P value was calculated using Fisher's exact test, and P value < 0.05 was considered to be significant.
RESULTS
During the period of 1 year, 60 consecutive patients of both sexes, having chest radiograph suggestive of non-resolving pneumonia or slowly resolving pneumonia as per our study criteria, were enrolled in this study. Overall, mean age of the patients was 51.33 ± 1.71 years (mean + SEM), and most of the patients (81%) were above the age of 40 years; no significant difference was observed in age parameter between different etiological groups. Among the 60 patients, 41 (68.3%) were male and 19 (31.7%) female. Mean duration of illness was 6.87 ± 0.24 weeks (mean + SEM). Twenty five patients (41.6%) were smoker, and smoking was distinctly more common in malignant etiology, compared to other groups (P = 0.006) [ Table 1 ]; 8 patients (19%) were alcoholic. Twelve patients (20%) had past history of treatment with anti-tuberculous medication.
Diabetes mellitus was the commonest comorbidity and was noted in 20 patients (33.33%) in the study population. Diabetes was significantly more associated with infective etiology, compared to malignancy (P = 0.023) [ Table 1 ]. Klebsiella pneumoniae was the commonest organism isolated in patients with diabetes and was found in 6 out of 20 diabetics (30%), followed by Mycobacterium tuberculosis (25%, n = 5) and Staphylococcus aureus (20%, n = 4).
Most common chest symptoms were cough (100%) followed by fever (96%), hemoptysis (53%), chest pain (38%), and breathlessness (33%). Pallor was present in 17 (28.3%) patients in this study group, 16 (26.6%) patients had palpable lymphadenopathy, and 12 (20%) patients had clubbing. On chest X-ray, consolidation was present in 53 patients, consolidation along with cavity was present in 5 patients, and only cavity was present in 2 patients. On the other hand, by CT scan of thorax, cavity along with consolidation was seen in 9 patients and in remaining 51 patients, only consolidation was seen. Presence of cavitary lesion was commonest with tuberculous etiology (n = 6) but was also noted in staphylococcal pneumonia and squamous cell cancer. Cavities in infective etiology were thin-walled and often multiple in contrast to solitary thick-walled cavity in squamous cell cancer. Right lung involvement was seen in 39 (65%) patients, whereas left lung was involved in 21 (35%) patients. Right upper lobe (25%) was the most commonly involved site, followed by right lower lobe (23%), left lower lobe (21%), and left upper lobe (15%). Bilateral and multilobar involvement were seen in 10 (16.67%) cases and were more common with tubercular and staphylococcal etiology (P = 0.0007).
In this study, bacterial pneumonias (n = 32, 53%) were found to be the commonest etiology of non-resolving pneumonia, followed by bronchogenic carcinoma (n = 16, 26.67%) and tuberculosis (n = 10, 16.67%). Wegener's granulomatosis was diagnosed in 1 case (1.67%), and in one case, despite all investigations, no diagnosis could be reached (1.67%) [ Table 2 ]. Among bacterial pneumonia, gram-negative bacilli were the predominant organisms isolated in 30 out of 32 cases of bacterial pneumonia (93.75%); Staphylococcus aureus accounted for 2 cases (6.25%). Klebsiella pneumoniae and Pseudomonas aeruginosa were the two most common gram-negative organisms, isolated in 13 and 11 cases, respectively. Eschericia coli and Acinetobacter spp were found in 3 cases each [ Table 2 ]. Consolidation limited to a single lobe was the commonest radiological finding (93.75%) in cases of bacterial pneumonia.
Bronchogenic carcinoma accounted for 16 cases (26.67%) of non-resolving pneumonia in this study. Squamous cell cancer was the predominant variety (n = 10) followed by adenocarcinoma (n = 5); small cell variety was diagnosed in 1 case. Seven out of 10 patients (70%) of squamous cell carcinoma were diagnosed by bronchoscopic procedures with bronchoscopic biopsy, showing positive histopathology in all the 7 cases and in addition, BAL fluid and bronchial brushings also showed positive result in 3 of these 7 cases; in the remaining 3 cases, diagnosis was established by CT-guided FNAC. On the other hand, all the 5 cases of adenocarcinomas were diagnosed by CT-guided FNAC, of these 2 were found to be of bronchoalveolar variety. Higher yield of bronchoscopy for squamous cell cancer can probably be explained by central location of the tumors as opposed to peripheral location of adenocarcinomas, which are picked up more readily by CT-guided FNAC.
Tuberculosis was responsible for 10 cases (16.67%) in this study. Multilobar and/or bilateral involvement was seen in 8 of those 10 (80%) cases of tuberculosis. Consolidation was the predominant radiological finding (100%) and associated cavitary lesions were present in 6 (60%) cases. Nine out of these 10 cases were diagnosed by fiberoptic bronchochoscopy-6 patients showed positive mycobacterial culture in BAL fluid. In 2 patients, bronchoscopic biopsy demonstrated epitheloid granuloma with caseous necrosis and langhans' giant cell, one of these 2 patients was also positive for AFB stain in bronchial brushing; in the remaining one case, all the bronchoscopic procedures were negative, but post-bronchoscopic sputum examination for AFB was positive. One case of tuberculosis was diagnosed by CT-guided FNAC where cytopathology showed epitheloid granuloma with langhans' giant cell, and Ziehl-Neelsen (Z-N) stain was positive. Sputum for mycobacterial culture was additionally positive in 3 (30%) cases.
In this study, FOB was done in 56 patients (4 patients did not give consent for bronchoscopy). Most common finding in FOB was inflammation with secretions in the Table 4 ].
CT-guided FNAC was done in 12 patients (8 patients showed inconclusive result after FOB, and 4 patients did not give consent for FOB) in this study, and it showed a positive result in 11 cases (91.67%); 1 case (8.33%) being inconclusive. Out of the 11 cases where definitive diagnosis could be reached by CT-guided FNAC, bronchogenic carcinoma was diagnosed in 8 cases, granuloma was found in 2 cases, and pyogenic organism was isolated in 1 case from culture of pus aspirated on CT-guided FNA [ Table 4 ]. Of the 2 cases where granuloma was demonstrated on FNAC, one was tuberculosis and other was diagnosed as Wegener's granulomatosis on the basis of clinicoradiological picture and positive c-ANCA in high titer. In this study, finally a specific etiology could be found in 59 out of 60 cases (98.3%), and in one case, no etiology could be established even after thorough investigations [ Table 5 ].
DISCUSSION
Non-resolving or slowly resolving pneumonia is not an infrequent clinical entity to pulmonologists, and at the same time, can be a cause of concern in daily clinical practice. Amberson was the first person to describe the term "unresolved organizing or protracted pneumonia" in 1943. [8] There is lack of uniformity regarding definition for non-resolving pneumonia, but in many studies, the entity of "slow resolution" has been defined as failure of radiographic resolution by 50% in 2 weeks or failure of complete resolution by one month despite adequate antibiotic therapy. [9] In our study, 80% patients were over the age of 40 years and nearly 50% were over the age of 50 years. El Solh et al. stated that age alone has the most striking influence on resolution of pneumonia, and in their study, rate of resolution on chest X-ray was found to be 35.1% by 3 weeks and 60% by 6 weeks in patients above 70 years of age. [10] Fein has also shown in his study that only 30% of patients above 50 years of age show complete radiologic resolution by 4 weeks. [11] Diabetes mellitus was found to be the commonest comorbidity in this study and was present in 33.3% cases. Avijgan has also reported that diabetes mellitus was a major association with delayed resolution of pneumonia. [12] Klebsiella pneumoniae and Mycobacterium tuberculosis were the two most common etiologies in diabetic patients and were found in 33.3% and 25% cases, respectively. Begamy has also reported increased occurrence of Klebsiella pneumoniae in thoracic infections in diabetic patients. [13] Most common symptoms in this study were cough (100%) followed by fever (96.6%), hemoptysis (53.3%), chest pain (38.5%), and breathlessness (33.3%). Kirtland et al. studied 39 patients of slowly resolving pneumonia and found cough as commonest symptoms (92%) followed by chest pain (38%), breathlessness (38%), fever (36%), and hemoptysis (28%). [14] Boyed observed in his study that right lung appears to be more at risk for slow resolution and has also noted a predilection of chronic infiltrative disease for right upper lobe. [15] In the present study also, right lung involvement was most common (65%), and right upper lobe was most commonly affected (25%). In this study, pyogenic infection was diagnosed as etiological agents in 32 (53.3%) cases. Gram-negative bacteria were found to be the predominant pathogens, accounting for approx. 94% cases of pyogenic infections, and among them klebsiella (40.6%) and pseudomonas (34.4%) were the common pathogens. Fein also shared similar observation of increased occurrence of gram-negative etiology of pneumonia in elderly patients with comorbidities. [11] Tuberculosis was diagnosed in 16.7% cases in the present study. Silver et al. found tuberculosis in 5.7% cases from culture of BAL fluid as a cause of non-resolving pneumonia. [16, 17] In our study, bronchogenic carcinoma was found in 16 patients (26.6%), of which squamous cell carcinoma was the commonest variety followed by adenocarcinoma. Ten patients (62.5%) were smokers among the patients with malignancy. Silver et al. found malignancy as a specific cause for non-resolving pneumonia in 11.4% cases in their series of 35 patients. [16] In the present study, CT-guided FNAC was done in 12 patients, and etiological diagnosis was established in 11 cases (diagnostic yield being 93.7%). Among these patients, malignancy was found in 8 cases (66.7%). In a study conducted by Ferretti et al. in 23 patients of nonresolving pneumonia with negative FOB results, CT-guided core needle biopsy was done. Diagnostic yield of biopsy was 78%, 15 patients were diagnosed as malignancy, and 8 patients were diagnosed to have benign disease. The sensitivity and specificity for malignancy were 87% and 100%, respectively. [17] Fiberoptic bronchoscopy (FOB) was done in 56 patients, and etiological diagnosis could be established in 48 cases (diagnostic yield 85.7%). BAL fluid was taken in all of these patients, and conclusive diagnosis achieved in 40 patients (71.4%); pyogenic infection was found to be the commonest etiology. In the study by Silver et al., FOB was diagnostic in 86% cases, and infections were the most common etiology obtained at FOB. [16] Balamugesh et al. have also found FOB a very useful tool in evaluating nonresolving pneumonia. [18] In our study, post-bronchoscopic sputum smear examination for AFB was done in all 56 patients, and 2 of them were AFB positive; 1 patient being exclusively positive for AFB by post-bronchoscopic sputum examination only. Therefore, overall diagnostic yield of FOB is very good, and it is a very useful tool for an evaluation of non-resolving or slowly resolving pneumonia. The procedure is safe, and complications are very less if done properly. It is particularly helpful to visualize any intraluminal lesion and to obtain bacteriological samples. Post-bronchoscopic sputum smear examination should not be ignored although it is not a much studied tool till now. Whenever feasible, CT-guided FNAC is also a good procedure, especially for peripherally situated lesions and when FOB is inconclusive. Its diagnostic yield is significantly high, and complications are less if patients are properly selected. In this study, although the yield of CT-guided FNAC (91%) was slightly better compared to yield of FOB (85.7%), it has to be kept in mind that CT-guided FNAC was done only in select cases and FOB should always be the first investigation of choice before CTguided FNAC in evaluating non-resolving pneumonia No diagnostic procedure is absolutely sensitive for evaluation of non-resolving or slowly resolving pneumonia. Selection of procedure according to the site and clinical findings are important. Multiple procedures may be used in a rational approach to reach the definitive diagnosis [ Figure 1 ].
To summarize, non-resolving pneumonia is often an area of clinical dilemma. Pyogenic infections are the commonest etiology, but microbiological profile is different from that of community-acquired pneumonia; tuberculosis, malignancy, and other non-infectious causes like vasculitis are other important etiologies to be looked for. FOB is an extremely useful investigation; CT-guided FNAC also gives good yield when properly selected.
